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VIP &4 VPAC1 3} S-SCAMSY] 43 Z&

Vasoactive intestinal peptide (VIP)+= tiH-F9] T3 A AA 9} Hx 217
7

A BFoA LAHD = AFALEZ = Al

wH|ste] g ] VIP s&2& HAAHoR Eo4x WDHA (watery
diarrhea, hypokalemia, and achlorhydria ; 84 A} AZ 5= FA
2 =wdAE VIP 784 9 skl VPACL (vasoactive intestinal
peptide/pituitary adenylate cyclase activating polypeptide receptor 1)2]
ZHE dAGHER A4 Ao A8t Yeast two-hybrid HE &
ate] 2F o] ARG S-SCAM/MAGI-2¢] PDZ 1 3% PDZ 2 #9
(domain)e] ¢ VPACI @¥je] 72547 @da 4349 o= A=
etk S-SCAM/MAGI-2 = 6709 PDZ &< (PDZ 00l PDZ 5), 178

9] GK (Guanylate kinase) 9, 2712] WW E9= 7141 = 94 o

£
<
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=
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o]t} HEK293 Al 50 =

/MAGI-2 @93 VPACI ©@o] 45 AFgS dAd%d
sttt VIPS Aol gk VPACIY F2 whg-& Gs ©@we 243}
AA HAED cAMP FEE S7HA 7= Aotk FnFEARE, S-SCAM
/MAGI-2 ©@9-& bgx oz e A7l HEK293 MXEZFoA  VIPA=
gk VPACL @ o] &Aool zhaste]l AlXu cAMP Aol 7w Ath
S-SCAM/MAGI-2 &% &S anti-sense Yoz 7H4A7l T84 A
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FollA VIP &p=ell 93 cAMP A4 o] 575 o] CFTR &4 ] F73td
T} o] AMd2 S-SCAM/MAGI-2 ddAdwdo] VPACI we] &g <
A 2ddttes AS gugin. mabA o] A4e] A4 7S &7 @
A surface biotinylation 23S 33t} VPAC1 ©¥l o] Ayt ubg s
SA3ATE. 1 A3 VPACL @] Alxw wrd o] S-SCAM/MAGI-2 ©

ol EAT W g2 Helshginh

= = -

ol
459

HoAe A3E 53 S-SCAM/MAGI-2

UHS AAIA VPACLIY E4E oA S & 4 Atk oo A9
Ay+= VIP #d

S Aoz Jgdrc)

e
.
(i

wo. VPACLS] A Eut

dghel gl Ay fdsted Ewol 2 & 3

dAH = @ VPACL, S-SCAM/MAGI-2, PDZ, cAMP
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I. A8

VIP (vasoactive intestinal peptide)= 1970l Said < Muttoll <] 3|
s 2] o] Aol Aol A He EElE ATt VIPE 28719 ofnieito s 45
Som, olu Al vl PACAP (pituitary adenylate cyclase activating
polypeptide) ¢+ 7}  A}sl®  secretin, glucagon, gastric inhibitor
polypeptide 53} W|Z=altt! F7bell A e VIPY olmil vjde Al A&
&, A, A, B, 85 FoAE 2oen, LHF ¢ =3 Guinea pig<
Aol A= ARl VIPSF ©hx] 4~5 7o) ofm=ike] wjdo] thE ol
olFA # BEH VIPE FT3AE% ExAAA Hlol=eddd, vjZd

ARG An AAZEEAY 4L Atk VIPE Ao BB

o
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HIAZA o2 we o] of2¥ &5 AFo=w #H|st7] wolH, o o
ek Fo] FH|ef #HH e o] Cl oot Cl o]&¢] FHl& 4
I AE WA F£A]8k= cystic fibrosis transmembrane conductance
regulator (CFTR) wHje] osjx zd#tt. CFTRZ Cl o2& &o|H
ABC (ATP Binding Cassette) & @#¥e] stz AXZU cAMP %
7} ol #43 Ho] Cl oS Erlate S o A Ay A
U HAGAR cAMP 7k CFTR ©@9e] 438 7MA 9 W &
o] Clolg AFo=w FHlstH, o] =9 HEgt FHE 79} HALE

Suaksio), VIPZ YL VIPE thEko =g —E—H]f)’]—oﬂ, dF VIP 555 vAAY

O

oz wo AZAAES VPAC (vasoactive intestinal peptide/pituitary
adenylate cyclase activating polypeptide receptor) ¥ o] A3 = 7}x]
2tk ol2lgt VIP F8Ae] &4d3t= MEW cAMP sEE MR
S7tetAl et wekd A AEZW F7HE cAMPE CFTR @S 273}
ANA DS FaEo T ool o] VIPE AAES oLy B Fuld

i

A

VIP 444% VPAC1Z# VPAC2 F 7HA7F QoM VIP 484 e
G @ A4 FE&AZA 709 transmembrane domaing 7FA| 1L Tl &

b e 43,000~80,000 daltono & F3F Zpol7p Qlom) Zk Al 5/

a2



O

G gams Ame Aol dste] thE WATE dehdnh

VPAC1 @3 VPACZ @& 50%¢ s¥448S 7FA™ secretin -8 A

zo] 49 F4an 9k VPACI 99le 346 de Rxstu
gom W, A, AR, AWAE dEW, 24 ) P Folw Bray

VPAC2 w2 olfactory lobe, A4}, suprachiasmatic nucleus®l] =%-3}7
=28y sinl, ¥ 7k 245 dorsal root gangliadl: A A EA13kch 18
A A, Ao A, A 93, 243, AW AlxdE EA ¢t VIP
FEAY Fo AL VHAL Gs FNE A ghste] adenylyl cyclases
GA3AA AXEY cAMP =5 S7HA 71+ Aotk ol9o| = guanylate
cyclase, cyclooxygenaseE &3} AlAA cGMP, ¥4H3d A (NO)E A
7% otH, AExY ZasiEs "oy 3 JE2 WY dES5S F
Whal7)w gk 1622

S-SCAM (synaptic scaffolding molecule, MAGI-2)2> MAGUK
(membrane associated guanylate kinase homologues) <12t o] 3o
o MAGUKS o8 glE3 435 243 F & B9oz WW, SHS,
GK (Guanylate kinase) homology, PDZ 5% 7}#a. 3t} MAGUKS ¢
2] @ Eo] multimolecular complexE ©]F A dli= AZwdWolt}h E3|
S-SCAM PDZ &9 671, GK &< I/l 2 WW & 17§& 7=
of ofg] oM} reo] Ao AGo] destal Stk fF e S-SCAM
Abeol A MAGI-2 walo] 3 s} =2 homologye Zt+ MAGI-1,
MAGI-3 ©ME%x EA4F” PDZ #9S T4 o helixet 674 B
sheet 725 7IAH, 7L & 5 WHA B sheet?} + WA a helix 7+Z7} 7+

£ groovedl A e wule] spERAY] wd Relt 45 AFHHT
Q5 wuel A wule] F3 B¢k PDZ Bou 4EAEsE @

S-SCAMo| 7}x|a 9= PDZ #49<e PDZ 0, PDZ 1, PDZ 2, PDZ 3,



PDZ 4, PDZ 5 2= 7} PDZ &+9vith ofel do] A3 #&3tar <l
o #* PDZ 49t PDZ 5 #9< Fd S-SCAM7ZE 43 Agsto]
homodimerE TAa7|= @b® B, of=gddyd FE&AE S-SCAM
/MAGI-2 ©@¥We] PDZ 1
internalization©] %z o}

Agsl= PSD-95 A4S ) of=dEddd F8Ae] ddeEd 7k

B odgdA VIP F8A9 B4 zde] polshs e 2] 95k
yeast two-hybridE& F8stda, 2 Ay VPACI @9y S

/MAGI-2 @Zwwo] 45 A¥§e Foluddth vgoz A2 vual
S-SCAM/MAGI-2 7}
sk, VPACL ©l &ge] ojd ®sts F=4 A48t VPACL
WA z2A sde] e 94 wd AA} Wuk oluel VIPY waw

AWES odstes dE =4S & Aol
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VIP+= Calbiochem (La Jolla, CA, USA)ol A #9383 anti-c-myc &
A= Santacruz biotechnology (Santa Cruz, CA, USA)oA T3}t
Anti-S-SCAM A= KAISTY #HeE AdAdo=ry worn”
Trypsing H] &3 o]2]o] BE A|eF& Sigma (St, Louis, MO, USA)el A
7939tk Ussing chamberd]l 24 3= HCO3; #HALS NaCl
120mM, KCl 5mM, MgCl; 1mM, CaCl: 1mM, p—Glucose 10mM, HEPES
5mM, NaHCO; 256mM = /4™, pHE 749 33Utk

2. ME wWl¥ Z transfection

HEK?293, T84 AT+ ATCC (American Type Culture Collection,
Rockville, MD, USA)dA T3t om 2+7 10% FBS, 1% penicillin
/streptomycine % 713t DMEM¥ 5% FBS, 1% penicillin/streptomycinS
H7bek F12/DMEM s &gFl& @il 37 °C, 5% CO: incubatorol A vl %3}
ol 28l Y98E FAAE transfectionAl A SHA A o g7 WA 71 A E
TEL G4185 400 pg/ml H7rste]l FA Al E3F Transwell-Clear
Pol membrane (0.4mm pore diameter, Costar, USA)S AF&3to] T84 Al
IFE 10 o o] 793 short circuit current® 33 TH
Transfectione Lipofect AMINE Reagent (Life Technologies, Grand
48 AJZFel it Al

Island, NY, USA)E o]&3}o] 3t} Transfectiondr $-
EFE 37 °C, 5% COp A wiFakar Aol Abg-shaieh



3. Subcloning, ¥ EdWo]3, anti-sense

A7s A AREsZl SsiA pBluescript KS+ol  S°19l= A FH <]
VPAC1 4 A2 subcloningdle] ofn| =gdeho] c-myc tags Eo] FAUu}
ol 3 pCMVmyc HHE AFE3tA Y. U3 primerg AH&3te] DNA
TERESo) AFE3e] VPACL fFAAE wWE ol Yol

sense : 5 CC GGA ATT CGG (EcoRI A=+ HF& #H7bH ATG
CGC CCT CCG AGC CTA C 3

antisense : (5 C CGG GGT ACC (Kpnl A=+ HE H7bH TCA
GAC CAG GGA GAC CTC C 3"

S-SCAM/MAGI-2 @3 ZAge Aole} == A7 VPACI &4
of ZtRAd7] geelMFEH 470 opviitE §ldl, A =<dWeld VPACI
S WET o] AFH S VPACL fFHAtelA 7h=2547] deke] A HE 5
HA ofn] =Akel glutamic acidE codingdtil I+ GAG I =S stop I=
ol TAG=Z upio] Aldsldtt. ofgle] primerE AF&3te] 3 Ewolst
skt
sense : 5" C TTC CAA GCG TAG GTC TCC CTG GTC TCA CCG
30

o

antisense : 5 CGG TCA GAC CAG GGA GAC CTA CGC TTG GAA
G 3

S-SCAM/MAGI2E Uedxdoz H3st= T84 cellolq] S-SCAM
/MAGI-2 ©@®e] wde Folux S-SCAM/MAGI-2¢] anti-sense

SC
mRNA fragmentE 2& 3= clones wEATh olefl o] primerE o] €34



g Fe] S-SCAM/MAGI-2 {+xzte] Shi-Eollx 36571 A7IM<E whas
DNA F3d&E42 FE313TE 13& pCDNA3.L e def waFat= wr
& @o]A anti-sense mRNA fragmentE & sl= clonesS WHESIth
sense : 5" CGG AAT TCC TAC TAC CAT GTC CAA AAG CTT G
3/

antisense @ 5 CGG GAT CCC TTC TGA AAT CTT AAG TTG AGG
3

4. Western blot

AEZ7E Aok 8712 €5 Sl Fa A7k PBSE W AHsta Al
23] £ (pH 7.9 Tris 20 mM, NaCl 137 mM, Na:EDTA 5 mM, Triton
X-100 1%, PMSF 0.2 mM, Aprotinin 1 pg/ml, Leupeptin 20 uM, NasVOy,

1 mM)S 718l scraper® HolA EES EdUh 250

K=
M
i)
fr
il

B3 4 °C, 13000 rpm, 10 #o=z <A Este] HFEdS dx
A3 2 sample bufferel] 4304

SDS-PAGE (6%, 8%, 10% gel)E “A|s}al nitrocellulose membrane?l

Bradford WH o2 AHHsATh 5

o
0

transfersd}$1th. Membranes 5% © X%l blockingstx 12 A& 4
°Colq WAl EoF e Ao 2417 WES-AlF7]a TBS-T (Tween 20
0.15% *3HE 1084 3H AArt Peroxidase’} & 23 A S A9

A 40% TS A7l TBS-TZE 1084 4H Mojuil ECLE NS AL-g3}o]

5. 9 A%
AF el VPACIH 259 S-SCAMS #3#E& HEK293 Al EFol
p=N

transfectiond}al 48 A 7tsot wjd3k & Western blotd wjo} o] %



Ak ®FE w1 mgol| anti-ccmyc FAE 1 ug wolA AFHY
VPAC1E %1l protein-G-agaroses H7FalA A AA AT 2 74¥E agrose
9le] @ goe AAs L &8 gdoz 4 AUk 28 sample buffer
£ H7bste] 28 E9F B = £ tF 6% SDS-PAGEE A &8t Sith.
Nitrocellulose membrane®. 2 transfer gt § 2o A] 1A]3F & 5%
A &2 blockingdFAth 12 &A1Q0 anti-S-SCAM A2 4 °CZ WA
< widsta TBS-TZ 3¥ 10% o= Adth 23 A=
anti-rabbit conjugated peroxidase HAE AF&3lo] 407 FF Aol A
Agetdtt. TBS-TE AHES 10w tA 22 4 83 ECL&HS A&
of g 7, dAdskst
6. Biotin X A3

A& transfectionstal 48 AJZF ©]$ 80 - 100% confluency® =] &
gl viAlE FYetel AAst A7 PBSE 4W Aol F2Uth PBSOl
Sulfo-NHS-SS-Biotin (PIERCE, IL, USA)S 1 mg/ml 35 % 3 mlE Al
Fol Aglstal, AE7E £ 8715 5 flo Fi 4 °C WA 3023
ol HH3] TEo] FHA Ytk FYstel &AS AL 10%
FBS 1%, penicillin/streptomycin ©] H7}g vix] 2 28 o] Fojx o}
2lE bioting quenchingd}ith. 27} PBSE 3k ¥ Ao] F11 AE &3

I E2SIEAE 102 A 49 F48ka, 4 °C, 10+, 13000 rpm

o7 944 Fgstdn. SRt 7170 Bradford o ® WA S o
Aok &9 600 ugel 50% Immobilized NeutrAvidin slurry (PIERCE)E 50
pl B 4 °Coll A whAjEet & 4o FAvh Alx gafgfor 5H Ao
Wi 28] sample buffers ¥ i 50 °C= 1A]7F A 2] 3}al anti-c-myc A
= 13 A2 dlo] Western blotting= 3} th.

_‘|O_



7. cAMP 5% =X
6 well 7] M¥E 231, Transfection 3o VPACI w@ig 23 5

rr

AEek VPACIFH S-SCAM F+ ©@jo] E5F W= AXE EHF §
48 well &71°] well Z 6 x 10" /| AEES DAk 5% CO, 37 °ColA

24X 3 W g & A E7L

it

|71 45 fo FiL VIPE s=HE A
shelth. 232 &<F 5% COo, 37 °C wj&7] <tolld cAMPE AAAZT 1
< MEU cAMP F%E A+ kit¢! BT-300 (Biomedical Technologies
Inc, Stoughton, MA, USA)< ©]&3t cAMP =& FAsttt st
A A}Ae B, B2 &9 F 20 ulEs working buffer & 125 #] 3]
A3kl 50 ulE glass tubeol &71th =AW E acetylation complexE 2.5
ulA 7Fekal tracers 50 plE H7betth. 18] 3l antibodyE 50ulE #H7b g
< 30 2 A% F="A Ao 4 °C oA 18 - 20 AIZF ¥HgA| 7] AL
working buffer &5 500 yl H7Fstch & 4o & F 4 °C, 3000 rpm,

3B 2 A 2A@H &, 94 29 & W 2 Fel uAHA = rotor

8. Short circuit current (Isc) &4

Mock ™HE transfectiond T84 AXF9 anti-sense S-SCAM

/MAGI-2%E transfectiondt T84 Al d el 10 ¢ A= Hjgs

FAS zZte= AERE B3AAT. 1 F o]Z Ussing chambere] 42
A

al
HCOs3 regular bufferE <=3HA]7]H A AetAct MaEe A7 kA st
h

m
mim
It
_\'-Ll
2
1=

H % 1% BSA°l ¢ VIP 1 nM & A9 @A}t w-$o] AH 4
5k & HCOs; regular buffer®2 W74y =498 3 AUt oA A

_‘l‘l_



st thA] HCO; regular buffer® W7etst x2S 3 AojFa A
o] ¢t st ¥ & VIP 100 nM & WA ol 2l 18la vkgo] 4H
of =4 39S ul bumetanide 100 uMS ZAH2o] €At} Ussing
ChamberZ ©] &3 Isc %S EVC 4000 precision V/I clamp (Sarasota,

FL, USA)E o]&3slo] =A st

9. BAAE

Isco} A SAFS H + EFox=2Z XYY Mock WHE
transfectiondt T84 A|3ZF 2} anti-sense S-SCAM/MAGI-2& transfection
g T84 AMEFNA VIP A=ell et Isc W& Aol7t TAA R Fo4
o] J=AE unpaired t-testE ©|-&3 H7IstH Tl o] W StatView Z =21

A= AbEst e, P<0.05 L frelide] dvkal skt

_12_



m. 23

1. AR A A2} VPACI ©@¥3}e F3578

A7l VPACL friztell A 7k254d7] whad 3070 ofp| =it 5915 55
Hhg-ow HE A Esto] bait WEQl pBHA ¥ E e BamH I % HindIl A
3t 4R Attt o]F yeast two-hybrid WHS £33 VPACI ©

Tty oy AdZAGMe] PDZ §91E5 X dsh= prey #E

z
lo
A\
Y
it
A
i1t
N

o

! pGADI0 ¥ = ZEAIA ® 19 Z23E dn. A9 S-SCAM &
ol PDZ 13 PDZ 2 <3 VPACL19 7t=2547] ddo] Ao A¢d=

ZA HAT (& D).

X 1. VPAC1 @93 PDZ dZAG o A3t g yeast two-hybrid 23

pGAD10 SAP97 PSD-95 S-SCAM Shank?2
alone PDZ1-2 PDZ1-3 PDZ1-2 PDZ
VPAC 1 0% 1% 1% 56% 0%

Bait vector (pBHA)ol+= VPAC1 99| 728247 @S prey vector
(pGAD10)dl = dZddWe] PDZ £95 Y2 v, 259 A colony Z ol
Al 3FA )

=51
ol

A T de] Agto] wAEE blue colonyd £AE %E

2. X% AHMXEoA VPAC1I @93 S-SCAM/MAGI-2 @99 N3

2§
7 ATA VPACI @7 S-SCAM/MAGI-2 whlo] el A

dobu ottt HEK293 Al E el d# ¢ S-SCAM¥ 432l VPACI =}

£ transfectiondtx WHAH7Z A S APFsFAT}. ofv]=7] Doho] c-myc

=

_13_



tag2 © VPACI ©9S anti-c-myc A2 AAA 7| AAE @ zS
6% SDS-PAGE°| #7]9% 3tAth. Anti-S-SCAM A& ©] 8319 blot
st S-SCAM ©le] {35 Amusitt. 1 A3 VPACI w9
S-SCAM/MAGI-2 &% x5% IdHE AxXF  FZEdA  S-SCAM
/MAGI-2 ©@¥o] 37 &S Qg (29 1). o|=4 HEK293 Al

EFo VPAC1IZ S-SCAM/MAGI-2 ©lo] 43 Agsrs & 4 U
th g VPACL fF3#te] 712547 @ o2 RE 5H A ofv| it =
T2 stop ZESR H EdWels 3 F WS FIAT A,
S-SCAM/MAGI-2 o] ojgt ZAgkeo] fFgle] Wolys & 3t
(7 1. o5 &3] VPACLI wule] 7h28A47] wde] VSLV F-¢7}

S-SCAM/MAGI-2 @] 435 Azteted 528S ¢ F A

VPAC1 VPAC1 VPACIM  VPACIM
S-SCAM S-SCAM S-SCAM

> - IP: c—myc
WB: S-SCAM

29 1. HEK293 Al£Fd A VPAC1 &3} S-SCAM ¢l A3 A%
AH o VPACIHE 3FHe S-SCAM FHAE  co-transfectiondt  F o A

S-SCAM band7} WAl Yebds = 5 AT ol Tl TfHF AlxoA F



glo] A% AF3S o 5 9tk VPACIMS VPACIS 72 A7) weko] A
RE 57 olmmal RE AEAzl wolth VPACIM3  S-SCAME
co-transfectiondt FEo A F w] 7ko] A5 Agto] Aol Alglxth =, VPACI
wulo] sl B A7) Uk Y] VSLV F27F S-SCAM @9 ¢] PDZ 13} PDZ 2

ol 4 Afe U T2 48L TS T 5 AN

3. HEK293 A EF A S-SCAM/MAGI-2 ©lo] VPAC1 ©¥ &4
of PlX& T
S-SCAM/MAGI-2 wulo] VPACI o] A3gtste] w2 VPACIe &

4 WEE ohustth VPACIS T2 23099l cAMP BEE 345
o] VPAC19Y A3 E =A3519 T}
—e—VPAC1
2500 |
- VPAC1+S-
2000 - SCAM/MAGI-2
= 1500 |
]
£
&
H 1000 |
Ho
Ay
=
< 500 f
0
0 3 10 30 100 300
VIP 5% (nM)

129 2. HEK293 A2 Fd A VIP 5% & ATy cAMPEE &4,
S-SCAM/MAGI-2 ©@o] oA H oz dst = HEK293 Aol A
VPAC1 ©@ule] Aol gAlgS AXW cAMP &

AR

¢

=AY Aols T3 &
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4 S-SCAM/MAGI-2 % A& transfectiondle] FAH A o2 S-SCAM
/MAGI-2 @98 Hdst= HEK293 Al 52 mock ¥ EE transfectiongt
HEK293 AlZFE whadivh 2eal o] F AZFe A< VPACT #4
A= transfectionstal, VIPE w29 =2 3 23te] cAMP7} Z7}35t=
< #FsAY. S-SCAM/MAGI-2 ©@io] VPACI @l Agtsta 9l
W VIPO] zp=ell thgh cAMPO] A el A4S & = v (2d 2).

oz
2

©,
tlo

fr

4. S-SCAM/MAGI-2 ©@He] VPAC1 @9 Axw @go] WX
B ¥
S-SCAM/MAGI-2 &3 @ o=z Qlsk VPACIS &Adwis)t s &
A spdvh 2P A AlaEe] VIP Aol thek wkg2fol7F VPACT o] A
e b kel Wle] oAl &7]9]d] surface biotinylation A& S
TFstA T S-SCAM/MAGI-2 w@#o] <bg# o g wast= HEK293 Al
9 mock WEE ¥ HEK293 AlXxFo] AF < VPACI FAAE
transfections} S th. 48 AJZF o] &
< A2stal biotine] 2 = ©¥THS avidin beadE ©] &3t |5
o} o] @M ES 10% SDS-PAGEY #7]9&3ta anti-c-myc FAE o]
&3lo] blotste] Alxute] HAHYH VPACIHHS 43tk 1 A3
S-SCAM/MAGI-2 o] <tgxoz Wy = HEK293 ATl A

VPACL @] Al o] Hadhs & 5 A (21 3).

k!
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HEK293 HEK293
mock S-SCAM/MAGI-2

VPACL Pt —

b HEK293 HEK293
mock S-SCAM/MAGI-2

vPACL > A

29 3. S-SCAM/MAGI-2 @] &% VPACI @49 Axg ¥y

a. VPAC1 w9 Azt @& fS ujust 23 ot} Bioting AlEX® ®W

02
E
ot

o] Eoli avidin®® o]Z H4A A SDS-PAGE] H719 %3 3 anti-c-myc
A = blotS 389tk S-SCAM/MAGI-2 vulo] VPACI o] Al xul vk

2N AT b, Anti-c-myc FA R FTEY lysateE blot 3t¥th VP

ool

o

>
@)
[a—
a0
=

o] F AEFoAM H =7 Fom EA T

_17_



5. T84 A EF oA S-SCAM/MAGI-2 ©9o] VPAC1 ©¥je] A
X 9%

T84 AEFE WdHoem alge] VPACI ©ijo] wr@xz giny®
Western blot& &34 Algholl A 3FH ] S-SCAM9] o} <l MAGI-2 &
Mol wra S Folst. 1Elal T84 M EFo] @o] @d = CFTRS
AFU cAMP S7bell wel @43 5 x99 Cl o] F2olth”
g T84 AEZFA VIP z=ol g CFTRe &dwsts )
VPACLS] @A4W3E 4T = stk T84 AELFo] S-SCAM/MAGI-2

i

g

Ay
ol

4242 anti-sense mRNA fragmentS <tg o=z WHAA S-SCAM
o] ol el MHAS A AIFT (" 4). o] MEFS mock WHE

transfection 3] 7|% T84 MEFE 27t T34 ol tight junctionS
1

ool FHS AW LHHEF 10 A o] WMIA o= A A

T84 T84 +
antisense
-SCAM
’_' | —

I3 4. S-SCAM/MAGI-2 @9 odo] 4AH T84 HEF
T84 AEFo] W3AstL Y= S-SCAM/MAGI-2 @] W& o] anti-sense H

_18_



wol A Azl ZMAl ME E3E fFeg Zoln. T o wjekst
G A LS Ussing chamberol] 21l #FHS 4wy Ao g ir
o] #FstH Cl/HCOsz w3k Wsts FAstdth. S-SCAM/MAGI-2 o
o] Wdo] FAhE T84 MEFA VIP InME FA4 %o Hestads o
mock ®E £ trnasfectiondt T84 AXFo] H|3)] 215% & HAF ¥HEeS &
Adetdtt (1§ 5). T84 MEFAAAME S-SCAM/MAGI-2 ©¥lo] VPACI
o gAS& AAstL AdeS & F A} T3 S-SCAM/MAGI-2 & 9

ksl o] 7ZhAa% T84 A EF oA mock WEZ transfectiondt T4 A EFol
H sl A &gko] 30% WA =4 ¥t

Bumetanide 100 uM-2 VIP A &d & AF< W3z} CFTRel 2%
AAs FHat7l Al HHg Zolth. Bumetanide®™ =4 2o] &t
Na -K'-2Cl cotransporter? 7]5<& 9Aste], Cl ol A¥XUy FF=
v I A9 AlEY Clol9 Fs=7F dolx A ¥ CFTR= &

o] 9] o]Fo] AA|HL.

140 [

Q

0T84 mock
120 T

10.0 T B T84 antisense
80 S-SCAM/MAGI2

so - [0

4.0 |

AT o5 (uA/cm?)

0.0
1 10 100

VIP 5% (nM)
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T84 mock

%

|
VIP 1 nM VIP 10 nM VIP 100 nM Bumetanide
(BLM) (BLM) (BLM) (]BOIE)MU)M
7 uh /em?| T84 antisense
$ min S-SCAM/MAGI-2

cw\“\w

VIP 1 nM VIP 10 nM VIP 100 nM Bumetanide
(BLM) (BLM) (BLM)
(BLM)

IY 5. T84 AEFNAN S-SCAM/MAGI-2 @9 wd A7l wXE
VPAC1 ©¥ ¢ &g W3}

a. VIP 5=°] mE dAF Wss 348 gtolth. S-SCAM/MAGI-2 & 13 o]
2% T84 AEFolA VIP 1 nM<S H#stdS Wl mock WHE ¥ T84 A
FFo] vs] ARl 215% S7FekHr (+= P<0.065 ¢V 3¥H. b. Mock #E
He T84 MEFo|A VIP Fxe wE dAFe ¥eS vebd 1 Zolt} c.
S-SCAM/MAGI-2 ©#utdo] 2+4H T84 AEFo|AM VIP HXko] we H7F9
HEs vebd 2 Zojtk (BLM: A4 |.
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HrEs AJuA e VIP #8419 &4x4dS CFTRY 4x4d3% 493
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25227 2Bts ALA7 S-SCAM/MAGI-2 ©lzle] AdS ulom
PTEN wle] ot Aol 7astdth ™ S-SCAM/MAGI-2 wilo] A5

447} clustering EA4st=d S-SCAM/MAGI-2

PSD-95/SAP90# SAPAP %<& 4 dwse] A2 Fasiry mEd
S-SCAM/MAGI-2 @2 a8 o=z PDZ 49 PDZ 5 #9495 &3
homodimerE ©o|&th. 3k, Bl of=HgddAd FE8A= S-SCAM
/MAGI-2 @93} A3l s o, A43E4

o ey Bl otEdd A FEAe] FgUEdE JFe FA ek
S-SCAM/MAGI-2 o] o]s] VPAC12] &Ado] ojEA W3ty A
Yels v3] 7] 98] surface biotinylation 23S sttt A FE o] &5}
T VPACIYHS biotine 2 FA|3}al avidin#e] A4S ol &8A m=z F
=% o owd e vaste Ageltt 1 A3 S-SCAM/MAGI-2 ©
Wo] wE st HEK29391 4 VPACI @ o] A Ea w3 eko] 743kt
(19 3). S-SCAM/MAGI-2 @lo] VPACI wle] Axet wrde wha
UMt ol=, S-SCAM/MAGI-2 @ o] PTEN thallo A x5 VPACI &
ol g dFS FAE 7HsAde] drk VPACL el kgt
#3to] S-SCAM/MAGI-2 wulo] W& star gl HEK293 Al 3259 mock

/MAGI-2 ©#e] PDZ 5 &9 NMDA &A= &
&)

2 % internalization®] Z7}3F%)



HEHZ Yo HEK293 A EF9 lysatedlA] VPACIS %2 H|%=et7u
S-SCAM/MAGI-2 wlo] Al w|gF ZFAskdn
Surface biotinylation A %S &3lo] S-SCAM/MAGI-2 ©@®o] VPACI
ol AlxE WS oA ste] METE VIP A=l ofstAl wkgatAl Sl
o oF 2 9ot} 12U} VPACL @] A zuk wa wsl oo S-SCAM
/MAGI-2 @ o] VPACI wHle] 45 Wsir 7= 71l o ds +
AT VPACI ©W & class T G O A7 F8A=A AX 1o

=k

1B 2 VPACL19] 712547] #ddd S-SCAM/MAGI-2
9 VIP9] AFo & Qe VPACI @9 % WslE oA
A4S AT F k. == G @] VPACI T el A
Ul e A3steE AS ol VPACIY &4 & oA & 4 Ut} 53]
S-SCAM/MAGI-2 &% homodimers T4 + Uil oz &
dul JE 8-S @wol il glerE
12547 deel] & AWeRE VPACL @] S W] 43F& =
T Aot S-SCAM/MAGI-2 &2 VPAC1I @93 ZAstst= PDZ 13
PDZ 2 %9 9o t& PDZ GK, WW #9590 EA35to & dils
o] o] F-9lo ZAFste] VPACIS AaddAAE Hald & ot 18n
S-SCAM/MAGI-2 @Hje] VPACIel dggo= VPACIY Z2¢&d #i=
internalization®] ¥W3}E 7}A < 4 Qlvh. L3 VPACIS =473 PKA
(protein kinase A)¢} GRK (G protein—coupled receptor kinase)ol] ¢]3+ <l
Abstel] Q43S WA £ Yt ol gow o ATs wof & Aol
VPACI w@je] &o] o] olFy #dd uE 7] SaiA
Ussing chamberg ©]&3% d#FZ54 HAFS Atk S-SCAM/MAGI-2 ©
o] Adgtow Q3 VPACI whuje] &4 W3ty CFTRe &4l mA=
BEFe AHEAT. AW F A9 AEEAE tight juctions o FH

Y
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UTE 223l S-SCAM/MAGI-2 &9 o] 2elsl= 25 anti- S-SCAM &
A& ©]&3 Western blottingo. 2 oAt} H3 T84 MEF+ thE7]
4 Ay Axelr] wiiEel  S-SCAM/MAGI-29] o}l MAGI-1%
MAGI-37F Zdata & 4 Atk 24 #F e S-SCAM/MAGI-2
AARFY ofn| 7] oo A Y 3657 @714 <E wES DNA T34k
o7 FZ3svk. 18l pCDNA3.1 WE o] sense Wy witE ol
anti-sense S-SCAM/MAGI-2 mRNA Z7}s wHEojUli=  anti-sense
S-SCAM/MAGI-2 ¥HE ®FEQIt T84 Aol anti-sense S-SCAM
/MAGI-2 ®E & transfectionsl] S-SCAM /MAGI-2 @] &S <F
BHow oA AEFE BHEJT S-SCAM/MAGI-2 @Hile] o]
Mo R Haw T8 AMEF mock WEHE ¥ T84 AEFE FHA
2holl 109 ol 719 =485 A =S &t Ussing chamberE ©]-&
stol &3t A7l AEZF7E VIP sk wel dF WHes ofgA sheA
&2 CFTRE &40l oa] A= Holth dF
FTRe &4 AE=E Lo, o] §3 VPACI &
T AAJT A3 A3 VIP 1 nME A ¢
39S W S-SCAM /MAGI-2 ©@we] o] 7hAd T84 AHETFA
mock WHE ¥ T84 Aol Wl 215% & A77F ol&stain (14
5). &, T84 MEFAA S-SCAM/MAGI-2 Tie] wtdo] 7+
VPAC1 @9 ¢ &Aool F7tatdtt. o= S-SCAM/MAGI-2 @& <A
Aoz e A7l HEK293 A X504 VPACL ©@9e] &Afo] asdh 2

oo

¢

o} duWAFsitt o] VPACI ©9eo] &/o] S-SCAM/MAGI-2 &4 9]
e Agoz AAES A F 5 AT 2 S-SCAM/MAGI-2
o] wra o] 7HAEAS uw VIP 3EZ7o] w2 CFTR &4 9 Z71=
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ZF23kd ek o] VIP 1 nMolAH-E VPACI @] &Ajo] =7] uf&o
TE=e VIPe gk wkgo] ¢ & A2 yehx gy dwlEolt). L3

VIP 10 nM, 100 nME H & wW mock MEE Y& T84 AEF7}
S-SCAM/MAGI-2 ©¥ o] WdS HaAzl T84 AEFd vls & A
oS A I (2™ 5). ol @Y Axde] VIP 1 nMdl =
171 wj&ol S-SCAM/MAGI-2 ¥ t& =&
A VIPAR=o] &8t ® AY F Atk e T OAEF ] Ax Td
o Aol =] wiEel A3 gho] w S-SCAM/MAGI-2 Wi o]
o] Tra®l T84 AEFoA HAFe Wyt A g 4 Atk Ussing
chamberell A AlZ @dute] Hag& FAHAS o, mock WHE 92
T84 AEZFeA = 1023 + 197 @ H& S-SCAM/MAGI-2 w1 o] o]
B T8 AEFoIME 717 + 51 Q &2 30% AE w+& A glo
4 Hdvh A7 ghol e A tight junctiono] °F&tA o] Folxl Aelm
2 CFTRol| €4 o= Qs A A7 wstegke]l #A yvebd 4
o] MAGI @ Eo] A*E9 tight junctiond} A &e] zZ& #AS 714
Aolgte Aasd dAeE Ao YT mE VIP 1 nMolA 5
S-SCAM /MAGI-2 w9 o] wgo] hay T84 A EFo|A CFTRe &4
o] Huol 7}Al dojur aFme] VIP A=Al tisiA ukgo] =LA

F oAl 4@ gl

e

ol

a8y FHEIoF & 32 S-SCAM/MAGI-2 wulo] e wf T84 Al
Fo A Awsme] VIP A=A wkgo] 245k VIP 10 nM, VIP 100 nMe]
Me o 2 A2 wkgo] &3 "ok Zolth ol AA UAH FAR
VIP7} H] 5= A8l A S-SCAM/MAGI-2 @o] wggto 2 VPACI
o] &Ao] VIPY ¥k wet # xdE= A ok VIPE 94 A
HEol st 2% AxA g qTE FaAste AAHAGEH o

o AAzAEAo ), VIPS ¥xo wg ¥rgoe] = Az LEh)s

filo
T
o 2
o RN

(

Y,
rlo
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V.2 &

VIP= & Aa Aol o] F9 olgs 3 A7 AzR Tad
gth VIPY 84191 VPACIY A4S xdses 7de=
S-SCAM /MAGI-2 972 o] oghg v H gkrh

o 3}
=1

o

1. B9 F/4F AlEAA S-SCAM/MAGI-2 @ ¢] PDZ 13} PDZ 2 &
oo VPACI wule] sl2 827 wote] s Agss #Fsddny =g
VPACI ©@je] 7128247 @k o 570 ofmimalo] AEHAE )
S-SCAM/MAGI-2 ©# 3ol 45 ZAgto] oFs|ds #zdrt. VPACLE
FF2EA 7] @eko] 470 ofmwsakel VSLV Fx7F S-SCAM/MAGI-2 &2

AT

; (

o

3 Agsed Fage o

N

lo

2. S-SCAM/MAGI-2 ¢ul& kg om wgst= HEK293 Al 5o A
VPAC1¢] 27l ogt cAMPe] Aol Zasdtt. S-SCAM/MAGI-2

Gulo] VPACL while] S4< oA e o 4 itk

3. S-SCAM/MAGI-2 ©¥o] <tgx oz Wdst= HEK293 AlETFol A
VPACI ©ie] A xet @go] 7HAcHS Bokth S-SCAM/MAGI-2 o
o] VPAC1 w9le] Ax¥ 2dS& oAsta Uqdth o]ZA S-SCAM
/MAGI-2 wale] gk VPACI ©¥e] &4 A &7 7|de dF&s <

T A

2

12

4. T84 MEF ol S-SCAM/MAGI-2 @# 3} o}& <l MAGI @ao] &

AgS  anti-S-SCAM  FAE  F3] Western blote =  &21&F3 )
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S-SCAM/MAGI-2 ©9e] o}&o] 7Z+A® T84 AEFA tight junction
o o3 FAEE= Ao Ade] FstES HUrh S-SCAM/MAGI-2 &
WMol g S kg or F9 T84 AEFA A VIPIME VIP
FE&A ] Aol AA YEEESE B F AT S-SCAM/MAGI-2 @i o]
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Abstract

Biochemical and functional interaction between VPAC1

and S-SCAM

Young Woong Kim

Department of Medical Science

The Graduate School, Yonser University

(Directed by Associate Professor Min Goo Lee)

Vasoactive intestinal polypeptide (VIP) is neurotransmitter and neuro-
modulator that has a wide distribution in peripheral and central nervous
systems. VIP has effects on the digestive tract, cardiovascular system,
airways, reproductive system, immune system, endocrine glands and
brain. The high blood concentration of VIP as seen in VIPoma, causes
WDHA (watery diarrhea, hypokalemia, and achlorhydria) syndrome and
hypercalcemia. The present study aimed to study the regulation of
VPAC1 (vasoactive intestinal peptide/pituitary  adenylatecyclase -
activating peptide receptor 1) by protein interaction. Using yeast

two-hybrid assay, it was found that PDZ1 and PDZ2 domains of rat
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S-SCAM/MAGI-2 (synaptic scaffolding molecule) interact with the
C-terminus of mouse VPACI. S-SCAM/MAGI-2 is an adaptor protein
which has six PDZ domains (PDZ 0 to PDZ 5), one GK (Guanylate
kinase) domain, and two WW domains. The S-SCAM-VPACI
interaction was also verified by co-immuno- precipitation in HEK?293
cells with heterologous expressions. VPACI1 is coupled to Gs proteins
and the activation of VPAC1 by ligand binding increases the
intracellular concentration of cAMP. Interestingly, overexpression of
S-SCAM inhibited the cAMP generation in response to VIP in
VPACl-expressed HEK293  cells. When  the  expression  of
S-SCAM/MAGI-2 was decreased by anti-sense treatments in T84 cells,
short circuit current that was made by VIP was increased. These
results suggest that S-SCAM/MAGI-2 protein inhibited and regulated
the activation of VPACI1. To identify the underlying molecular
mechanism, in vivo surface biotinylation assay was performed. It was
found that VPAC1 expression on plasma membrane was decreased by
S-SCAM/MAGI-2.

In conclusion, S-SCAM/MAGI-2 adaptor protein inhibited the
activation of VPACI1. Decreased activity of VPACI was caused by
decreased VPAC1 expression on plasma membrane. Therefore, this
finding might have a greater implication for providing efficient therapies

for VIP related diseases.

Key Words: VPAC1, S-SCAM/MAGI-2, PDZ, cAMP
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